The preservation in liquid form, at 17°C for several days is still the most used method of semen preservation in boar. In these conditions, it would be of great value to know the factors that can predict the capacity of an ejaculate to maintain its biological value over preservation period. This study aimed to identify the correlations between some parameters of raw semen, and those of extended semen, stored in liquid form, for three days at 17°C. Over 1000 ejaculates were collected by means of manual method and artificial vagina over a period of two years from 400 mature boars housed in a specialized unit in Germany. The semen was examined immediately after collection (before dilution) as well as after three days of preservation. All the parameters (except the volume) were determined by means of computerized instruments. The examination of raw semen was performed using SQA-Vp, while the stored semen was analyzed using Spermvision version 3.7. All data were processed with IBM SPSS Statistics version 21. The Pearson correlation revealed no strong correlation between any of the raw semen parameters when analysed together with stored semen parameters. However, some moderate or weak correlations were found, for example a positive correlation between motility of raw semen and motility of stored semen (p<0.01), a positive correlation between percentage of morphological normal sperm in raw semen and the motility of stored semen (p<0.01), a negative correlation between the concentration of raw semen and the linearity and wobble coefficient in stored semen (p<0.01) as well as a couple other weak correlations. We conclude that, despite the fact that some correlations were revealed, unfortunately the analyzed parameters of raw semen have low predictive value on the parameters of extended semen after preservation at 17°C, and that the parameters of semen will behave differently from one ejaculate to another.
INTRODUCTION
Optimization of animal breeding, including pigs, implies a detailed knowledge of the events that take place during reproduction. Since the implementation of artificial insemination in pigs, there was a continuous interest related to variations of seminal parameters, especially in what concerns the boars of high genetic value (Tardif et al., 1999) .
Although the main seminal indicators determined within the general examination of raw boar semen (volume, concentration, motility, total number of spermatozoa/ejaculate) seem to have low predictive value on the litter size or pregnancy rate (Schulze et al., 2013) , they might correlate with the parameters on preserved semen. Thus, a better knowledge of these correlations would be of a great help for the semen production centers, giving them the possibility to select only the ejaculates with good preservability.
The preservation in liquid form, at 17°C for several days is still the most used method of semen
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Although sperm freezing represents a more desirable method, offering many advantages in example the facilitation of the distribution of agriculturally desirable genes, the help in controlling the transmission of certain pathogens, thereby protecting the health status of the herd, the minimization of the effects of a sudden outbreak of a contagious illness or a natural disaster (Bailey et al., 2008) , unfortunately boar sperm are more sensitive to hypothermic shock, suffering more pronounced biochemical and functional disorders compared to other species, which leads to reduced motility, viability and transport in female genital tract, thus affecting the fertilizing potential (Silva et al., 2015) . Therefore, compared with fresh semen, the use of post-thawed boar spermatozoa results in about 10-25% reduced conception or farrowing rates and 2-3 decreased total litter size (Zeng et al., 2014) . This constrains the frozenthawed semen to be used usually only in case of transferring valuable genetic material between swine breeding centers (Roca et al., 2011) and maintains the preservation in liquid state, at room temperature (15-20°C) as the standard method in case of boar semen.
Over the time, several authors tried to find correlations between the parameters of raw or extended semen and the ability to fertilize the oocytes (Flowers, 1997; Hirai et al., 2001; Sutkeviciene et al., 2005; McPherson et al., 2014) . However, we couldn't find much data regarding the correlations between the parameters of raw semen and those of preserved semen, although we consider this to be of great value for semen productions centers. Usually, within semen processing, the ejaculates showing less than 60-70% total motility are discarded before dilution, the threshold value being different according to the management of the production center. Still, of the selected ejaculates, some will have low quality after preservation, which will make them improper to be used for insemination. In these conditions, it would be of great value to know the factors that can predict the capacity of an ejaculate to maintain its biological value over preservation period, because the best results in swine reproduction can be obtained only using semen of a high quality for artificial insemination.
This study aimed to identify the correlations between some parameters of raw semen, and those of extended semen, stored in liquid form, for three days at 17°C.
MATERIALS AND METHODS
Over 1000 ejaculates collected over a period of two years from 400 mature boars housed in a commercial unit in Germany specialized in the production of doses for artificial insemination of sows were analyzed. The collection was performed by means of manual method, with double glove (Bogdan, 1999) and by means of artificial vagina using a procedure similar to that described by Barrabes Aneas et al., (2008) with an interval of about 7 days between two successive collections from the same boar. Only the ejaculates showing at least 65% total motility were processed, all the rest were discarded.
The dilution was carried out with the diluent BTS® (Minitube, Tiefenbach, Germany) and the evaluation was performed in two steps. The first step was executed on raw semen, within 10 minutes after ejaculation, using (except for volume) the SQA-Vp device (A-Tech, Medical Electronic Systems Ltd, Los Angeles, CA, USA), and the following parameters were determined: volume, concentration, total motility, total number of motile sperm/ml (TMS/ml), percentage of morphologically normal sperm (%Morph), total number of sperm/ejaculate (TS/Ej), total number of motile sperm/ejaculate (TMS/Ej), total number of morphologically normal spermatozoa/ ejaculate (TMorphNS/Ej) and total number of motile and morphologically normal spermatozoa/ ejaculate(TMMorphNS/Ej). The second step was executed after dilution and three days of preservation in liquid state, at 17°C in tubes of 100 ml (90 ml semen + 10 ml air). For this assessment we used SpermVision software version 3.7 (Minitube of America -MOFA®, Verona, WI, USA) connected to a Zeiss Axio Scope.A1 (Carl Zeiss MicroImaging GmbH, Göttingen, Germany) optical microscope equipped with a plate warmed at 38°C and the following parameters were determined: total motility (TMot), progressive motility (PMot), average path velocity (VAP), curvilinear velocity (VCL), straight line velocity (VSL), straightness (STR), linearity (LIN), wobble (WOB), amplitude of lateral head displacement (ALH), beat cross frequency (BCF). Settings were adjusted as follows: for total mobility parameter it were taken into account sperm showing any movement, but for progressive mobility parameter have been considered only moving sperm presenting an average speed (VAP) of minimum 25 µm/s and a coefficient of straightness (STR) of at least 0.3.
The data stored in the computer were processed using the software IBM SPSS ® Statistics version 21 (IBM ® Corporation, Chicago, IL, USA). Results are presented as mean values and standard deviation (SD). In order to signal the presence of possible correlations between parameters of raw semen and those of preserved semen, the Pearson correlation (2-tailed) has been used.
RESULTS AND DISCUSSION
In the next pages are presented the correlations between each of the raw semen parameters and the parameters of extended semen.
Volume Pearson correlation analysis showed three significant correlations. A negative correlation with progressive motility and beat cross frequency and a positive one with amplitude of lateral head displacement (Tab. 1).
A higher volume of the ejaculate indicates a higher quantity of seminal plasma, as approximately 93% of semen volume in boar is represented by seminal plasma (Ciornei, 2012) . This seems to have a negative impact on the motility and beat cross frequency after preservation but at a small scale, given the low value of correlation (r = -0.81 and -0.135 respectively). The positive correlation with amplitude of lateral head displacement is also negligible. Concentration Four significant correlations, albeit weak, were detected between concentration and the parameters after preservation (Tab. 2).
Sperm concentration is an indirect indicator of spermatogenesis and should always be evaluated in association with semen volume within a quantitative examination of an ejaculate. Besides its role in modulating the number of insemination doses, this parameter seems to correlate sometimes with the conception rate (Haugan et al., 2007) . A higher values for concentration indicates a smaller quantity of seminal plasma (and thus a higher quantity of extender) per spermatozoon.
As the concentration correlated in our study positively with curvilinear velocity but negatively with straightness, linearity and wobble coefficient, it can be stated that, although at a low level (given the small values of correlation), a higher number of sperm per volume unit in the ejaculate will lead to an enhancement of their speed after preservation, but with a less steady path. A less regular movement of sperm in case of higher density would be something to expect, given the smaller spaces between the cells and thus an inevitable higher number of collisions. However, the semen dilution regulates the number of sperm/ ml, aiming to obtain a standard concentration for each insemination dose. In these conditions, it was surprising to observe that a higher sperm concentration in raw semen seems to affect the regularity of sperm path even after dilution and storage.
Total motility As expected, a positive correlation was found between total motility in raw semen and both total and progressive motility in preserved semen (Tab.
3). It is well known that a high value of sperm motility is essential for the fertilization process (Runceanu et al., 2007) . The fact that the total motility in raw semen correlates with total and progressive motility in preserved semen might be the reason why most of semen production centers eliminate before dilution the ejaculates showing less than 60-70% total motility, the threshold value being different according to the management of the center.
However, the correlations found in our study are only moderate (r = 0.242 and 0.238), which indicates that an ejaculate with high motility could often result in insemination doses with moderate or low motility and vice versa. The severe drop that appears in some cases for motility values after storage might be due some morphological issues of sperm, chemical deficiencies of seminal plasma or microbiological burden of semen, which cannot be evaluated through the general examination of fresh semen.
No other significant correlation was identified between motility of raw semen and the indicators of preserved semen in boar, showing that a higher percent of motile sperm in raw semen will not affect their velocity after storage nor the regularity of their movement.
Total number of motile sperm/ml
This parameter is a combination between the total motility and the concentration. Its correlations with the parameters of preserved semen are quite similar with those of concentration, namely weak negative relation with straightness, linearity and wobble coefficient and weak positive relation with curvilinear velocity (Tab. 4). On the other hand, there is no correlation with total or progressive motility in extended semen, as showed by raw semen motility. This could suggest that the total number of motile sperm/ml is modulated rather by the semen concentration than by total motility.
In addition, there is a positive correlation (albeit weak) with beat cross frequency. All these together suggest that a higher number of motile spermatozoa/ml in raw semen will tend to influence the spermatozoa to move faster but less linear after preservation.
Percentage of morphologically normal spermatozoa
The percentage of morphologically normal spermatozoa within an ejaculate is one of the most important parameters in terms of semen quality. A small amount (between 5 and 10%) of abnormal spermatozoa is normal within a boar ejaculate (Drugociu, 2009 ), but if this proportion exceeds 25% then the whole ejaculate should be discarded (Gadea, 2002) . The reason for this is that only morphologically normal spermatozoa are capable to survive after preservation and to fertilize the oocyte (Runceanu et al., 2007) . Thus, a high amount of abnormal sperm would impair the fertilization process.
In our study, moderate positive correlations were found between this parameter and both total and progressive motility after preservation (Table  5) . Also, weak positive correlations were signaled with average path velocity and straight line velocity. Thus, it seems that a higher percentage of normal sperm in the ejaculate will provide more motile and faster spermatozoa after preservation.
The significance of VAP is still controversial. While some authors (Holt et al., 1997; Park, 2013) report a negative correlation between VAP and parturition rate, others (Didion, 2008) state that a positive, but weak correlation exists between these coefficients. Although a higher speed would help the spermatozoa to reach the fertilization site in a shorter time, this also implies a more intense metabolism of the sperm cells thus a faster consumption of energy resources.
Contrary to our results, other authors (Nöthling et al., 1997) found no correlations between the percentage of spermatozoa with normal morphology in fresh semen and the motility post-preservation, after they performed a study on dog semen and used freezing as the method of preservation. This suggests that not only the sperm species but also the preservation method can influence the correlation between the parameters of fresh and stored semen.
Total number of spermatozoa within the entire ejaculate
This parameter is probably the most important in terms of semen quantity, modulating the number of insemination doses produced and offering important information regarding the spermatogenesis rate. It seems to be even more important than semen concentration, which is not is not a direct measure of testicular function as final semen volume includes secretions from the seminal vesicles and prostate. Additionally, it was shown to be related to various fertility endpoints in humans (Dearing, 2014).
Although a more intense spermatogenesis, with the production of a higher number of spermatozoa within a time interval is one of the desiderata of the semen production centers, this could also mean a less effective sperm formation process, with a higher number of low quality sperm through the accelerated activity. However, in order to draw a certain conclusion regarding the spermatogenesis rate, the testicular volume should be taken into account.
In our study, only weak correlations were signaled between the total number of spermatozoa and the parameters after preservation (Tab. 6), namely positive correlations with curvilinear velocity and amplitude of lateral head displacement and negative correlations with total motility, progressive motility, linearity and wobble coefficient.
The wobble coefficient is defined by the ratio between the average path velocity and curvilinear velocity, indicating that, the higher its value is, the more efficient is the path of spermatozoa. As the total number of spermatozoa is negatively correlated with this coefficient, but also with linearity and motility, we may think that, at a higher rate of spermatogenesis, the quality of spermatozoa could be affected, showing lower preservability.
Total number of motile spermatozoa within the ejaculate
Showing the ability of the testicles to provide a higher or a lower number of sperm capable to move towards the fertilization site, this parameter represents a combination between the percentage of total motility and the total number of spermatozoa within the ejaculate. Similar to TS/Ej, it showed weak, positive correlations with curvilinear velocity and amplitude of lateral head displacement as well as weak, negative correlations with linearity and wobble (Tab. 7). However, no correlations were found with total and progressive motility. Again, we may think that, a higher value of this parameter will tend to determine the spermatozoa in preserved semen to move faster but less linear.
Total number of morphologically normal spermatozoa within the ejaculate As this parameter is directly modulated by the total number of sperm within the ejaculate it showed also only weak correlations, namely a positive correlation with curvilinear velocity and a negative correlation with wobble and amplitude of lateral head displacement (Tab. 8).
These results may lead to same conclusions as in case of total number of sperm and total number of motile sperm within the ejaculate.
Total number of motile and morphologically normal spermatozoa within the entire ejaculate This parameter refers to probably the most important spermatozoa within an ejaculate, namely those that have the ability to move towards the fertilization site, but possess also an unimpaired membrane, considering that the morphologic integrity of the sperm is an essential condition for their involvement in the fertilization process (Runceanu et al., 2007 ). An ejaculate showing a higher value for this parameter would assure the production of a higher number of insemination doses, with better quality. However, only weak correlations were found between this parameter and the kinetic parameters of preserved semen (Tab. 9).
The correlations are almost identically with those showed by TMorphN/Ej: weak, positive relations with VCL and ALH and a weak, negative relation with WOB.
CONCLUSIONS
We conclude that, despite the fact that some correlations were revealed, unfortunately the parameters of raw semen have low predictive value on the parameters of extended semen after preservation at 17°C. Only weak or moderate correlations were revealed, which have too little Correlation is significant at the 0.05 level (2-tailed) **. Correlation is significant at the 0.01 level (2-tailed) value in order to draw a certain conclusion. Most of these correlations may suggest that a higher density of raw semen and a higher production of spermatozoa will determine the sperm cells to move faster but more erratic after preservation. However, as the values of correlations were low, it seems that the parameters of semen will tend to behave differently from one ejaculate to another.
